Abstract This research focused on the prediction that children in their school setting would learn more from educational multimedia when critical information was presented as spoken instead of textual cues. Analyses of a study (n = 42) showed that 12-year-olds did not learn any more from temporal speech cueing than from temporal text cueing. The findings suggest that multimedia learning for children is a different kind of learning experience than for adults or older adolescents. The results indicate underdeveloped executive control of the referential connections in the children's working memory between reading screen text while listening to spoken cues, and between watching on-screen animations play while listening to spoken cues. Further study is warranted. Implications may be derived for educational multimedia research in school settings.
Introduction
Previous research has shown that adults and older adolescents (i.e. apprentices, college and university students) learn better from educational multimedia when critical information is presented in speech rather than on-screen text (Chandler & Sweller, 1992; Mann, 1995a; Mann, 1997a; Mayer, 1997; Moreno & Mayer, 2000) . A study with 78 college students (Mayer & Moreno, 1998) reported enhanced learning when the instructional material did not require them to split their attention between multiple sources of mutually referring information. Another study (Mayer & Moreno, 1998) determined that 137 college students learned better when verbal information was presented as speech rather than on-screen text both for concurrent and sequential presentations. These students generated 50% more creative solutions on problem-solving questions from animation with narration, than those with animations and text.
In a study involving static diagrams for geometry problems (Mousavi et al,. 1995) , post-secondary students learned better when auditory narration was presented simultaneously with corresponding diagrams. Mann (1997a) also found that university students learned better from some text with speech and diagrams, than from either speech and diagrams, or text and diagrams. Regarding learning processes, university students working with speech and diagrams made more evaluative-level verbalisations, than those with text and diagrams (Mann, 1995a) .
Background
According to the SSF Model, 'temporal speech cueing' is defined as spoken information provided about future or past events that present highlights or details about static or moving visuals (Mann, 1992; 1995a) . In this research, the prediction was that school-age students in the temporal speech cueing group would produce more creative solutions on problem solving questions than those in the temporal text cueing group. The rationale was that temporal speech cueing would better enable students to focus their attention.
This prediction is well grounded in educational and psychological research. According to Mayer's (1997) generative theory of multimedia learning, meaningful learning occurs when students select and organise relevant visual and verbal information, and can systematically integrate the newly constructed representations. Students working with sound focused their attention on the critical information needed to make successful interpretations (Mann, 1997a) . Mousavi et al. (1995) found that students learned better from static diagrams for geometry problems when auditory narration was presented simultaneously with the corresponding diagrams. It seems that 'readers' and 'listeners' process information differently (Halliday, 1987; Penney, 1989; Higginbotham-Wheat, 1991) . Also, that listeners attend to the gist or meaning (Hildyard & Olson, 1982; Penney, 1989; Brainerd & Reyna, 1990; Reyna, 1992) , whereas readers attend to details or surface features of the text (Tannen, 1985) , also called verbatim information (Martin & Briggs, 1986; Penney, 1989) . Hildyard & Olson (1982) reported that performances were better for listening to highlights (gist) and reading the details (substance, verbatim). Others (Brainerd & Reyna, 1990; Reyna, 1992) , have found behavioural and neurological evidence that indicated distinct developmental paths for verbatim and gist memories. Figure 1 shows a representation of human verbal and spatial sensory processing of difficult, unfamiliar tasks showing in (a) normal mental effort associated with normal cognitive load from a balanced input across both channels, and in (b) high mental effort associated with high cognitive load from an unbalanced input.
The aim of this research was to build on the positive findings from previous research with adults and older adolescents. A study was designed with school-age students to focus on the prediction that they would learn better from a multimedia tutorial when critical information was presented as speech rather than on-screen text.
Methodology

Subjects
Subjects were 12-year-old children (n = 42) in a primary school in Western Australia (21 students per treatment). Small treatment groups are quite common in previous research on educational multimedia. For example, experiments on split attention in Yeung et al. (1997) used only 24 students, the third experiment of which had only 14 students that were randomly assigned to four groups (4 per cell). Similarly, Austin (1994) assigned only 12 military personnel to one of three interactive hypermedia variants. Shell's (1990) doctoral study used only 13 students to think aloud while learning information about a computer model of problem solving from a written passage. Bridgman (1990) used only 13 managers to evaluate an interactive system. And, Carroll & Mack (1987) investigated the learning strategies of only 10 office secretaries using one of two word processing systems. Sample sizes can be smaller when tight experimental controls are possible, the effects of extraneous factors are limited, and within-group variance is also controlled/reduced. This is done by sample selection (i.e. homogenous groups, such as students of the same age, similar backgrounds, or in the same setting) and allocation (i.e. stratified-random, rather than simple random assignment).
A primary school was chosen for the study because the curriculum was thematic and flexible, readily allowing the addition of content and a variety of teaching situations, and as this was the final year of primary school, the data were more likely to be relevant for both primary and secondary students. This particular school was selected because, although it was a private school, it was low fee-paying in a low socio-economic area. Moreover, these students ranged from average to below average in academic ability. Also, the University had a development relationship with the school, making it possible to access students and teachers. Stratified random sampling was implemented 'to control for factors that may influence learning', as described in Leedy & Ormrod (2001, p. 215) . Using this method students were assigned to one of the two treatment conditions: temporal speech cueing (S) or temporal text cueing (T) based on their gender; reading ability as determined by their teachers' long-term observations; perceived modality preference on the auditory-visual-tactile-kinesthetic learning style inventory (Murphy-Judy, 1998) , and attitudes toward using computers as determined by the Computer Attitudes Scale (Loyd & Gressard, 1984) . There were only five students who had a total score less than 75 indicating low confidence. Finally, to get some idea of reading level, the cooperating teachers were asked to categorise their students into high and low readers, based on their knowledge of the students' coursework. In this way, stratified random sampling helped to ensure that characteristics of the population were present in both groups in the sample, thereby controlling the variance.
To determine prior knowledge in this study, an instrument was developed and piloted to test students' creative solutions to problem solving questions. Prior knowledge is an important factor in multimedia learning research, as suggested by Mayer (1997) , where multimedia effects and contiguity effects were found to be strongest for low prior knowledge learners, and hardly present for high prior knowledge learners.
Materials
Commercial software was not used in the study to reduce the risk of students having had prior access to the content. Rather, an educational multimedia product called Engines developed by pre-service teachers over several semesters was selected and modified to make it suitable for primary school students. Engines was consciously designed as a learning system, and not simply an information environment for browsing. Engines was created in HyperCard and therefore easily customisable. The HyperCard stacks were adapted from initial work developed by undergraduate students at a university in Western Australia.
Recent theory was taken into account when customising the mix of instructional design and multimedia attributes to the program content, including: the Generative Theory of Multimedia Learning (Mayer, 1997) , the Cognitive Load Theory (Mousavi et al., 1995) , and the Structured Sound Functions Model (Mann, 1992 (Mann, , 1995b . Engines used Mayer's (1992) 'description of phenomena' instructional approach, wherein a scientific explanation exists when a scientist observes events and describes them. In this study, the student-scientists read or listened to information, observed animated graphics and movies, and described their observations in a workbook. This approach presented the material and guided students without engaging them in extended practice or assessment. The sequential links permitted only two options: repeat the information at this node or go to the next node. The structure and content were held constant across the treatment conditions as the presentation modality was varied. It was expected that the rich sequential environment of diagrams and sound would influence learning. Figure 2 shows a screen from the Engines computer program containing the temporal text cues.
The choice of content for the treatment (i.e. explaining how combustion works in a 4-stroke engine) closely resembled the treatments in previous studies on multimedia learning (Mayer, 1997; Mayer & Moreno, 1998) such as, explaining how a bicycle pump works, how a braking system works, how a human respiratory system works, how lightning storms develop. Engines was developed because one of the researchers had been an Industrial Arts teacher and could act as a content expert. The content was judged to be sufficiently interesting for the students and 'engine combustion ' had not yet been taught.
Pilot study
Both versions of the software, test, workbook and questionnaire were pilot tested with two primary school students and subsequently revised based on their comments. It was also decided that students would need an introductory activity for practice before using the Engines program. Therefore, two versions (temporal speech cueing or temporal text cueing) of a simple tutorial called 'Introducing Insects' was developed to be used as practice for the Engines treatment.
Independent variables.
Two versions (temporal speech cueing or temporal text cueing) of the Engines software were required for the treatment, and two versions of 'Introducing Insects' for practice. The procedure for adding sound prompts to hypermedia learning environments was used in both programs, as reported in Mann (1996) . 'Temporal speech cueing' was used as information about future or past events digitised in enthusiastic female speech prompts, as suggested in Mann (1997b) . 'Temporal text cueing' was used as information about future or past events presented on the screen as text. Future or past event speech or text was initiated by a mouse button click by the student to turn a page, or run an animation or movie. Future or past event speech or text was implemented in program instructions. For example, 'Click the button to watch the animation of combustion happening in a chamber'; and 'Remember this is like animation in the previous section…Also, future or past event speech or text was implemented to elicit student writing in the Workbook. Figure 3 shows a screen of temporal text cueing. Past event speech or text cueing was used to remind students to do something before they left a screen.
'Please write your answer in your workbook', and 'Have you tried answering the question?'
Similarly, past event speech cueing and past event text cueing were spaced throughout the respective programs. Learning was intended to be convergent throughout most of the program. Workbook writing and post-test writing was intended to examine the students' short-term memory store. 
Data sources and analysis
Problem solving test. In the study, one written test was used to determine the students' knowledge of creative solutions to problem-solving questions on the principle of combustion. The same test was used to determine immediate effects following the treatment, and any delayed effects. Notably, the pre-test was not used to assign the students to treatments. As discussed earlier, a stratified random assignment was used based on their gender; reading ability, perceived modality preference, and attitudes toward using computers. Figure 4 shows an example test of students' creative solutions to a problem solving question. Workbook. During the treatment, the students were required to work alone and write down the answers in a workbook. The workbook comprised an 8-page loose-leaf booklet. Each page had an area to write in, the screen number, an area to show how many times the repeat button was used at that screen. All data from the workbooks were transcribed to a spreadsheet with one sheet for each participant. Answers were then assessed independently by two of the researchers to provide an overall workbook score for each participant. Inter-rater reliability of 0.89 was determined from a sample of responses. Figure 5 shows the answer key for the workbook.
Observations. Written observations of students working were recorded
Dribble files. The computers were all programmed to automatically collect running tallies or 'dribble files' of student input including the user designation, program name and card names, minutes lapsed per screen frame, and total minutes lapsed.
Design of the study
This study employed a repeated measures quasi-experimental design with two treatment conditions: temporal speech cueing and temporal text cueing. Two classes at the school participated in the study. The prediction was that school-age students in the temporal speech cueing group would produce more creative solutions on problem solving questions than those in the temporal text cueing group. The rationale was that temporal speech cueing would better enable students to focus their attention. Some studies have focused on the role of visual and verbal representations as aids to remembering (Paivio, 1986) which were measured by tests of retention. Others have looked at the role of spatial and verbal representations as aids to understanding (Mayer & Moreno, 1998) , which were measured by tests of problem 
Procedure
The procedure in this study followed those suggested in previous studies of this kind (Mann, 1997a) . A number of activities were done simultaneously and the final schedule established at the mutual convenience of the participants and the investigators. First, the consent of teacher, principal, and parents were acquired. Next, over the course of a week of class time, a reading test, computer attitude survey, and a modality inventory were administered. The computers were installed later that week. Two treatment groups were created based on students' perceived modality preference, gender, reading ability, and attitude toward using computers. One week later, the pre-test was administered by the teacher and three weeks later the treatment and post-test were given. On the day of the treatment and prior to the intervention, the students received information, training and practice with one of two versions of the 'Introducing Insects' computer program. The main intervention session involved the students in using the Engines program in the room set-up between the two classrooms. They were instructed to proceed through the program while following the instructions and writing their answers in their Workbooks. The intervention was invigilated by two of the investigators of the study. The entire process lasted just under 40 minutes. Each class was done separately as was each treatment group. In this way, there were four groups of students who completed the process, two treatment groups from each class. The post-test was administered immediately following the treatment and after they had quit the Engines program.
Results
A repeated measures ANOVA was calculated on these data. The differential effect due to the groups, S and T, is indicated by the interaction, which did not achieve significance (F = 2.407, p = 0.097). The main effects of overall differences between the two groups and differences from pre-to post-and retention were also not significant. The means are given in Table 1 , but those that included imputed values for missing data are depicted in Figure 6 .
On the pre-test, 16 of the 42 values were missing, and one each missing from the post-test and retention test. Although deleting these cases would have been simple and convenient, deletion would have made these results questionable because legitimate post-test and retention data would have been removed for 16 cases. Instead, conditional mean imputation as described in Raaijmakers's (1999) paper, was adopted as the preferred course of action for these data because the 'missingness' was random relative to other individual's scores within a particular subgroup. Using this method, unbiased estimates of population means were obtained by replacing the missing value with the mean of the group and for the particular variable (i.e. pre-test, posttest, or retention test). It is worth noting however, that even conditional imputation methods systematically underestimate variances when the basis for missingness is not completely random and is linked to groups of the individuals (Little & Schenker, 1995) . To counter this, a random component was included in the imputations (Little & Rubin, 1987; . The missing values were replaced with the mean for the group on the particular test. Further, a random normal value was added to the imputed score, with standard deviation equal to the standard deviation of the group. So, for an individual in the temporal speech cueing group with a missing value on the pre-test, this missing value was replaced with a score conditioned on the scores of the individual on the post-and retention tests and the mean of the pre-test for this group. This resulted in a complete data set with distributions very much like those of the non-missing values (see Table 1 ). The repeated-measures analysis was conducted with the completed data set. The results are summarised in Table 2. Percentages were then computed for the pre-, post-, and retention test variables based on maximum scores of 8. The means and standard deviations including imputed values for missing values are shown (Table 3. ). The finding was very little difference in M or s between the imputed and original data. Notably, the reported means do not suggest a strong ceiling effect, as they did not approach 100%. Only limited numbers of the scores were 7 or 8, out of maximum 8 on the pre-test. Even the post-and retention tests were only 5, 5, and 13, respectively, for pre-test, posttest, and retention tests out of the 42 scores for each. (Or, respectively, 2, 5, and 13 out of 26, 41, and 41 scores before imputations.) Figure 7 and Table 4 show the means with the zeros removed in the retention values, with n = 22 in Speech Cueing and n = 16 in Text Cueing, and no zeros in either preor post-test. These different perspectives suggest that some students did not treat the tests seriously, particularly the retention test or post-test.
In summary, the data indicate that these students did not learn better from temporal speech cues than from temporal text cues, as was expected. The consensus among the investigators however, was that the temporal speech cueing group appeared to be more focused on the critical information presented by the computer program than those getting the temporal text cues.
During speech cueing, the room fell silent with all eyes focused on the screens. It appeared that the students in this group were more involved, because they were listening to the instructions and directions coming through their headphones. During text cueing however, the students were restless in their chairs, frequently looking around the room; the investigators having to remind them not to talk to their neighbour and keep their eyes on their own computers and workbooks.
Discussion
The goal of this study was to determine whether or not 12-year-old children in their school setting would learn more from educational multimedia when critical information was presented in temporal speech cues rather than on-screen temporal text cues. Analyses of these data showed that statistical differences were not significant. Further calculations for ceiling effect and statistical imputations of missing values supported the non-significant finding, making the results all the more telling, as the analyses had reasonable power. A correlation matrix showed low positive correlations throughout all the scales, with none statistically significant. The dribble files showing student efficiency with the program were statistically nonsignificant. It is worth noting however, that the implications from these findings may be related, at least in part, to the content and nature of the presentations used, and therefore may not be completely generalisable. Nevertheless, these findings must be seen to contribute to research reporting no significant differences from combining audio-visual messages (Weiner, 1989; Zender, 1990; Shilling, 1991; Barron & Kysilka, 1993; Kalyuga, 2000; Tiene, 2000) .
From the outset it was anticipated that school-age students, like their adult counterparts, would extract surface details from reading the text, and acoustically encode 'the gist' from listening to the speech prompts. When adults look and listen, they integrate listening and reading processes, assimilating the content into their working memory for a very brief period of time as they generate meaningful associations between speech and text. Perhaps adults and older adolescents are more likely than young children to examine stimuli more systematically and completely, as suggested in Pressley & McCormick (1995) . Rather, these findings suggest that school-aged students were unable to generate sufficient gist to solve the problems. Also, that their under-developed biological capacity to extract gist from speech limited their mental ability to generate sufficient referential connections between the speech prompts and the limited text, and the speech prompts and diagrams.
At 12 years-old, the executive process that makes a child fully conscious of their problem solving abilities and allows him or her to relate past information to the present problem in a systematic way is still maturing. By the time the child reaches adolescence, the executive process permits him or her to reason in a systematic and logical fashion (Mussen et al., 1974) . With increasing age and experience, children's processing becomes more efficient. and with increasing age, the memory system that supports the retention of gist improves (Reyna, 1992) , and because gist suffices in a broad array of circumstances, their ability to re-constitute 'gist' to compensate for poor verbatim memory also improves. It certainly appears that learning by these children was a different learning experience from that of the adults and older adolescents reported in previous studies. Further research is needed.
Conclusion
There is an adage that school-age children believe that 'educational multimedia' is a game to be conquered and instruction to be avoided, and that feedback following errors is more interesting than feedback following correct responses (Ragsdale, 1988) . To some extent, this study supports the adage. Despite the fact that these young learners were very attentive during temporal speech cueing, their mental processing appeared to be insufficiently developed to generate the gist required to construct explanations about the principles of ;combustion;. It is hoped that these results provide direction to researchers conducting future multimedia research, and to software designers developing educational multimedia for school settings. On the basis of these findings, teachers and parents of children should consider alternatives to speech-prompted educational multimedia.
